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WHAT IS CLAIMED IS 

1 LA method for routing traffic in a network comprised of a plxirality of links 

2 to selectively off-load traffic from congested portions of the network to portions that are 

3 less congested, comprising: 

4 identifying which of said links are congested and which of said links are 

5 not congested; 

6 identifying traffic trunks that contribute to traffic of the identified 

7 congested network links; 

8 selecting rerouting traffic trunks where each of the rerouting traffic trunks 

9 are traffic trunks that contribute to the traffic of the identified congested network links; 

1 0 ordering the rerouting traffic trunks in congestion contribution order; and 

1 1 rerouting portions of the traffic in the rerouting traffic trunks that 

12 contribute to the identified congested network links, based on a predetermined parameter, 

1 3 using a second routing technique to reduce the congestion of the network. 

1 2, The method of claim 1 , wherein the predetermined parameter is a traffic 

2 load parameter, the selecting rerouting traffic trunks comprising: 

3 generating a minimum traffic off-load volume V/, for each of the 

4 identified congested network links / = L 2, 3, . . . L, where L is the total number of 

5 congested network links, that brings a traffic load of network link / to below the traffic 

6 load parameter. 

1 3. The method of claim 2, wherein the selected rerouting traffic trunk is 

2 selected from the identified traffic trunks, starting with a traffic trunk having a greatest 

3 volume of traffic contribution to the traffic of the corresponding congested network link. 

1 4. The method of claim 2, further comprising; 

2 a) generating a residue capacity for all the network links of the network 

3 after the traffic contribution of the selected rerouting traffic trunk is removed from the 

4 corresponding congested network link; 

5 b) generating a modified residue capacity for all the network links based 

6 on the residue capacity and traffic contribution of the selected rerouting traffic trunk; and 
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7 c) generating a label switching path (LSP) having an LSP residue capacity 

8 for the traffic portion of the selected rerouting traffic trunk. 

1 5. The method of claim 4, further comprising: 

2 d) adding the LSP of step c to route the traffic portion of the selected 

3 rerouting traffic trunk; 

4 e) adding the LSP residue capacity as added traffic to the network; 

5 f) generating a new residue capacity for all the network links based on the 

6 residue capacity and the added traffic; 

7 g) generating another LSP having another LSP residue capacity for 

8 another traffic portion of the selected rerouting traffic trunk if the LSP residue capacity is 

9 less than the traffic portion of the selected rerouting traffic trunk. 

10 h) repeating steps d-g until either new traffic of the identified congested 

1 1 traffic Unk is approximately less than or equal to the predetermined parameter, or until a 

1 2 predetermined maximum number of LSPs has been reached. 

1 3 i) selecting a next traffic trunk fi*om the list and removing a traffic portion 

1 4 contribution of the next traffic trunk that contributes to the corresponding identified 

1 5 congested network link fi*om the network, if the maximum number of LSPs has not been 

16 reached; and 

17 j) repeating steps a-i until all traffic of the rerouting traffic trunks have 

1 8 been routed with LSPs or until the maximum number of LPSs has been reached. 

1 6. The method as in claim 5, wherein the LSPs are selected in greatest 

2 residue capacity order, the method further comprising: 

3 k) generating a Path node list and a Tent node list for building a path from 

4 an ingress node of the selected rerouting traffic trunk to an egressing node of the selected 

5 rerouting traffic trunk, wherein the Path comprises: 

6 1) starting a first node set path from the ingress node of the selected 

7 ingressing rerouting traffic trunk; 

8 m) finding all nearest neighbor nodes not in the first node set; 

9 n) placing all nearest node neighbors in a second node set ordered based 
10 on their maximum modified residue capacity; 
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1 1 o) removing a lead node in the second node set; 

12 p) updating the first node set with the lead node if the lead node is not an 

13 egressing node and deleting all nodes with a same node id as the lead node j&om the 

14 second node set; 

1 5 q) repeating steps m-p until the lead node is an egressing node; and 

16 r) constructing a best path primary LSP fi*om the nodes hsted in the first 

17 node set 

1 7, A method for routing network traffic of a network, comprising: 

2 generating, in the event of a single network link failure case n=l , 2, . . . k, 

3 where k is a number of all the links in the network, a traffic road map generated based on 

4 a first routing technique; 

5 identifying one or more network links as congested, based on a 

6 predetermined parameter, and 

7 rerouting portions of the traffic that contribute to the identified congested 

8 links using a third rerouting technique to reduce the congestion of the network. 

1 8, The method of claim 7, finther comprising: 

2 identifying traffic trunks that contribute to traffic of the identified 

3 congested network links; and 

4 selecting rerouting traffic trunks where each of the rerouting traffic trunks 

5 are traffic trunks that contribute to a non-original traffic of the identified single failure 

6 congested network links. 

1 9. The method of claim 8, wherein the predetermined parameter is a traffic 

2 load parameter, the selecting rerouting traffic trunks comprising: 

3 generating a minimum non-original traffic off-load volume V/(n) for each 

4 of the identified congested network links / = 1 , 2, 3, . . . L, where L is the total number of 

5 congested network links, that brings the non-original traffic load of network link / to 

6 below the traffic load parameter; 

7 generating a list of traffic trunks corresponding to each of the identified 

8 congested network links, where each of the traffic in the traffic trunks in the list 

9 contributes to the non-original traffic of a corresponding identified congested network 
10 link; 
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1 1 selecting a traffic trunk as a rerouting traffic trunk fi-om the list based on 

12 its non-original traffic contribution to the traffic of the corresponding congested network; 

13 and 

14 rerouting a traffic portion of the selected rerouting traffic trunk that 

15 contributes non-original traffic to the corresponding identified congested network link 

1 6 from the network to reduce the congestion of the network. 

1 10. The method of claim 9, wherein the selected rerouting traffic trunk is 

2 selected firom the list of traffic trunks, starting with a traffic trunk having a greatest 

3 volume of non-original traffic contribution to the traffic of the corresponding congested 

4 network link. 

1 11. The method of claim 9, further comprising: 

2 a) generating a residue capacity for all the network links of the network 

3 after the non-original traffic contribution of the selected rerouting traffic trunk is removed 

4 fi:om the corresponding congested network link; 

5 b) generating a modified residue capacity for all the network links based 

6 on the residue capacity and non-original traffic contribution of the selected rerouting 

7 traffic trunk; and 

8 c) generating a label switching path (LSP) having an LSP residue capacity 

9 for the non-original traffic portion of the selected rerouting traffic trunk. 

1 12. The method of claim 1 1, fiirther comprising: 

2 d) adding the LSP of step c to route the non-original traffic portion of the 

3 selected rerouting traffic trunk; 

4 e) adding the LSP residue capacity as added traffic to the network; 

5 f). generating a new residue capacity for all the network links based on 

6 the network Unks' residue capacity and the added traffic; 

7 g) generating another LSP having another LSP residue capacity for 

8 another non-original traffic portion of the selected rerouting traffic trunk if the added LSP 

9 residue capacity is less than the non-original traffic portion of the selected rerouting 
10 traffic trunk. 
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1 1 h) repeating steps d-g until either traffic of the identified congested traffic 

12 link is approximately less than or equal to the predetermined parameter, or until a 

1 3 predetermined maximum number of LSPs has been reached. 

14 i) selecting a next traffic trunk fi-om the list and removing a non-original 

1 5 traffic portion contribution of the next traffic trunk that contributes to the corresponding 

1 6 identified congested network link from the network, if the maximum number of LSPs has 

1 7 not been reached; and 

1 8 j) repeating steps a-i until all non-original traffic of the rerouting traffic 

19 trunks have been routed with LSPs or until the maximum number of LSPs has been 

20 reached. 

1 13. The method as in claim 23, wherein the LSPs are selected in greatest 

2 residue capacity order, the method fiirther comprising: 

3 k) generating a PATH node list and a TENT node list for building a path 

4 firom an ingress node of the selected rerouting traffic trunk to an egressing node of the 

5 selected rerouting traffic trunk, wherein the PATH comprises; 

6 1) starting a first node set best path fi:om the ingress node of the selected 

7 ingressing rerouting traffic trunk; 

8 m) finding all nearest neighbor nodes not in the first node set; 

9 n) placing all nearest node neighbors in a second node set ordered based 

10 on their maximum modified residue capacity; 

1 1 o) removing a lead node in the second node set; 

12 p) updating the first node set with the lead node if the lead node is not an 

1 3 egressing node and deleting all nodes with a same node id as the lead node fi-om the 

14 second node set; 

15 q) repeating steps m-p until the lead node is an egressing node; and 

16 r) constructing a best path alternate LSP fi'om the nodes listed in the first 

17 node set. 

1 14. A multi-protocol label switching (MPLS) device in a network comprising: 

2 a congestion identifying device, wherein the congestion identifying device 

3 identifies, based on a predetermined traffic load parameter, a congestion of network 

4 links; 
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5 a contributing traffic trunk identifying device, wherein the contributing 

6 traffic trunk identifying device identifies traffic trunks that contribute to the congestion of 

7 the congested network links; and 

8 a LSP selector device, wherein the LSP selector device selects rerouting 

9 LSP traffic paths for the identified traffic trunks to reduce the traffic of the congested 
10 network links. 

1 15. The device according to claim 14, wherein the contributing traffic trunk 

2 identifying device: 

3 generates a minimum traffic off-load volume F/, for each of the congested 

4 network links 1=1, 2,.,L, where L is the total number of congested network links, that 

5 brings a traffic load of a network link / to below the traffic load parameter; 

6 generates a list of traffic trunks corresponding to each of the identified 

7 congested network links where each of the traffic trunks in the list contributes to traffic of 

8 a corresponding identified congested network link; 

9 selects a traffic trunk from the list based on contribution of the selected 

10 traffic trunk to the traffic of the corresponding congested network link as a rerouting 

1 1 traffic trunk; and 

12 removes a traffic portion of the selected rerouting traffic trunk that 

1 3 contributes to the corresponding identified congested network link from the network. 

1 16. The device of claim 1 5, wherein the contributing traffic trunk identifying 

2 device selects a rerouting traffic trunk from the hst of traffic trunks, starting with a traffic 

3 trunk having a greatest volume of traffic contribution to the traffic of the corresponding 

4 congested network link. 

1 17. The device of claim 16, wherein the LSP selector device: 

2 a) generates a residue capacity for all the network links of the network 

3 after the traffic contribution of the selected rerouting traffic trunk is removed from the 

4 corresponding congested network link; 

5 b) generates a modified residue capacity for all the network links based on 

6 the residue capacity and traffic contribution of the selected rerouting traffic trunk; and 

7 c) generates a label switching path (LSP) having an LSP residue capacity 

8 for the traffic portion of the selected rerouting traffic trunk. 
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1 18. The device of claim 1 7, wherein the LSP selector device : 

2 d). adds the LSP of step c to route the traffic portion of the selected 

3 rerouting traffic trunk; 

4 e) adds the LSP residue capacity as added traffic to the network; 

5 f) generates a new residue capacity for all the network links based on the 

6 residue capacity and the added traffic; 

7 g) generates another LSP having another LSP residue capacity for another 

8 traffic portion of the selected rerouting traffic trunk if the LSP residue capacity is less 

9 than the traffic portion of the selected rerouting traffic trunk; 

10 h) repeats steps d-g until either new traffic of the identified congested 

1 1 traffic link is approximately less than or equal to the predetermined parameter, or until a 

1 2 predetermined maximum number of LSPs has been reached. 

13 i) selects a next traffic trunk from the list and removes a traffic portion 

14 contribution of the next traffic trunk that contributes to the corresponding identified 

1 5 congested network link from the network, if the maximum number of LSPs has not been 

16 reached; and 

17 j) repeats steps a-i until all traffic of the rerouting traffic trunks have been 

1 8 routed with LSPs or until the maximum number of LSPs has been reached. 

1 19. The device as in claim 18, wherein the LSP selector device selects LSPs in 

2 greatest residue capacity order, wherein the LSP selector: 

3 k) generates a PATH node list and a TENT node list for building a path 

4 from an ingress node of the selected rerouting traffic trunk to an egressing node of the 

5 selected rerouting traffic trunk; 

6 1) starts a first node set path from the ingress node of the selected 

7 ingressing rerouting traffic trunk; 

8 m) finds all nearest neighbor nodes not in the first node set; 

9 n) places all nearest node neighbors in a second node set ordered based on 

1 0 their maximum modified residue capacity; 

11 o) removes a lead node in the second node set; 
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1 2 p) updates the first node set with the lead node if the lead node is not an 

1 3 egressing node and deletes all nodes with a same node id as the lead node firom the 

14 second node set; 

15 q) repeats steps m-p until the lead node is an egressing node; and 

16 r) constructs a best path primary LSP from the nodes listed in the first 

17 node set. 

1 20. A device for routing network traffic of a network, comprising: 

2 a congestion identifying device, wherein the congestion identifying 

3 device: 

4 generates, in the event of a single network link failure case n=l , 2, 

5 . . . k, where k is a number of all the links in the network, a traffic road map generated 

6 based on a first routing technique; and 

7 identifies one or more network links as congested, based on a 

8 predetermined traffic load parameter; and 

9 a LSP selector device, wherein the LSP selector device reroutes portions 

10 of the traffic that contribute to the identified congested links using a third rerouting 

1 1 technique. 

1 21. The device of claim 20, wherein the congestion identifying device: 

2 identifies traffic trunks that contribute to traffic of the identified congested 

3 network links; and 

4 the LSP selector device selects rerouting traffic trunks where each of the 

5 rerouting traffic trunks contributes to a non-original traffic of the identified congested 

6 network links, 

1 22. The device of claim 21 , wherein the predetermined parameter is a traffic 

2 load parameter, and wherein the congestion identifying device: 

3 generates a minimum non-original traffic off-load volume V/(n) for each 

4 of the identified congested network links / = 1 , 2, 3, . . . L, where L is the total number of 

5 congested network links, that brings the non-original traffic load of network link / to 

6 below the traffic load parameter; 
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7 generates a list of traffic trunks corresponding to each of the identified 

8 congested network links, where each of the traffic trunks in the list contributes to the non- 

9 original traffic of a corresponding identified congested network link; 

10 selects a traffic trunk from the list based on its non-original traffic 

1 1 contribution to the traffic of the corresponding congested network link as a rerouting 

1 2 traffic trunk; and 

1 3 removes a traffic portion of the selected rerouting traffic trunk that 

14 contributes non-original traffic to the corresponding identified congested network link 

1 5 from the network. 

1 23. The device of claim 22, wherein the selected rerouting traffic trunk is 

2 selected from the list of traffic trunks, starting with a traffic trunk having a greatest 

3 volume of non-original traffic contribution to the traffic of the corresponding congested 

4 network link. 

1 24. The device of claim 22, wherein the LSP selector device: 

2 a) generates a residue capacity for all the network links of the network 

3 after the non-original traffic contribution of the selected rerouting traffic trunk is removed 

4 from the corresponding congested network link; 

5 b) generates a modified residue capacity for all the network links based on 

6 the residue capacity and non-original traffic contribution of the selected rerouting traffic 

7 trunk; and 

8 c) generates a label switching path (LSP) having an LSP residue capacity 

9 for the non-original traffic portion of the selected rerouting traffic trunk. 

1 25. The device of claim 24 wherein the LSP selector device: 

2 d) adds the LSP of step c to route the non-original traffic portion of the 

3 selected rerouting traffic trunk; 

4 e) adds the LSP residue capacity as added traffic to the network; 

5 f) generates a new residue capacity for all the network links based on the 

6 network links' residue capacity and the added traffic; 

7 g) generates another LSP having another LSP residue capacity for another 

8 non-original traffic portion of the selected rerouting traffic trunk if the added LSP residue 

9 capacity is less than the non-original traffic portion of the selected rerouting traffic trunk. 
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1 0 h) repeats steps d-g until either traffic of the identified congested traffic 

1 1 link is approximately less than or equal to the predetermined parameter, or vmtil a 

1 2 predetermined maximum number of LSPs has been reached; 

13 i) selects a next traffic trunk from the list and removes a non-original 

14 traffic portion contribution of the next traffic trunk that contributes to the corresponding 

1 5 identified congested network link from the network, if the maximum number of LSPs has 

1 6 not been reached; and 

17 j) repeats steps a-i until all non-original traffic of the rerouting traffic 

1 8 trunks have been routed with LSPs or until the maximum number of LPSs has been 

19 reached, 

1 26. The device as in claim 25, wherein LSP selector device selects the LSPs in 

2 greatest residue capacity order and: 

3 k) generates a PATH node list and a TENT node list for building a path 

4 from an ingress node of the selected rerouting traffic trunk to an egressing node of the 

5 selected rerouting traffic; 

6 1) starts a first node set path from the ingress node of the selected 

7 ingressing rerouting traffic trunk; 

8 m) finds all nearest neighbor nodes not in the first node set; 

9 n) places all nearest node neighbors in a second node set ordered based on 

1 0 their maximum modified residue capacity; 

1 1 o) removes a lead node in the second node set; 

12 p) updates the first node set with the lead node if the lead node is not an 

1 3 egressing node and deletes all nodes with a same node id as the lead node from the 

14 second node set; 

15 q) repeats steps m-p xmtil the lead node is an egressing node; and 

1 6 r) constructs a best path alternate LSP from the nodes listed in the first 

17 node set. 

1 27. The device according to claim 26, wherein the LSP selector device 

2 generates alternate LSPs, wherein the alternate LSPs do not include a path in a primary 

3 LSP. 
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1 28. The device according to claim 1 9, further comprising: 

2 a configuration template generator that generates a configuration template 

3 for building path circuits corresponding to the paths selected by the LSP selector device. 

1 The device according to claim 26, further comprising: 

2 a configuration template generator that generates a configuration template 

3 for building path circuits corresponding to the paths selected by the LSP selector device. 

1 29. The device according to claim 14, wherein the actions of the congestion 

2 identifying device, the contributing traffic trunk identifying device and the LSP selector 

3 device, are performed by a computer. 

1 30. The method according to claim 6, wherein the steps are stored in a 

2 memory. 

1 3 L The method according to claim 13, wherein the steps are stored in a 

2 memory. 



